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The H5N1 viruses (H5N1/97) associated with the “bird-flu” incident in the Hong Kong SAR have not been isolated since the
slaughter of poultry in December 1997 brought that outbreak to an end. Recent evidence points to this virus as having arisen
through a reassortment of a number of precursor avian viruses and a virus related to Goose/Guangdong/1/96 (H5N1)
(Gs/Gd/96) was the likely donor of the H5 hemagglutinin. We characterize the Goose/Guangdong/1/96-like viruses isolated
from geese and ducks imported into Hong Kong in the year 2000. Antigenically and genetically, these recent H5N1 viruses
fall into two groups, one mainly associated with geese, and the other, recently transmitted to ducks. Further, viruses isolated
from a goose and a duck in December 2000 have acquired NS, PA, M, and PB2 genes from the aquatic avian influenza gene
pool through reassortment. For pandemic preparedness, it is important to monitor whether these reassortant viruses have
the capacity for interspecies transmission to terrestrial poultry or mammals. © 2002 Elsevier Science
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The H5N1 “bird-flu” incident in Hong Kong in 1997
resulted from a highly pathogenic avian virus (H5N1/97)
infecting humans (Subbarao et al., 1998; Suarez et al.,
1998; Claas et al., 1998), with fatal consequences in 6 of
18 persons with the disease (Yuen et al., 1998). This was
regarded as an incipient pandemic situation and was
terminated through the mass slaughter of all poultry
across the Hong Kong SAR (Shortridge et al., 2000).
While several outbreaks of highly pathogenic avian influ-
enza of the H5 subtype have occurred in poultry in
Europe and North and Central America (Pereira et al.,
1965; Narayan et al., 1969; Bean et al., 1985; Horimoto et
al., 1995), in none of these instances was transmission to
humans documented. It is now known that the internal
gene constellation of the H5N1/97 virus was critical for
its pathogenicity in mammals (Dybing et al., 2000; Guo et
al., 2000). Recent evidence points to the H5N1/97 virus
as having arisen through a reassortment of a number of
precursor avian viruses. Goose/Guangdong/1/96 (Gs/
Gd/96)-like H5N1 viruses were the likely donor of the H5
hemagglutinin (Xu et al., 1999), but the internal genes
were acquired through reassortment with Quail/HK/G1/
97-like H9N2 virus or a Teal/HK/W312/97-like H6N1 virus
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16(Guan et al., 1999; Hoffmann et al., 2000). While viruses with
the gene constellation of H5N1/97 have not been detected
since the poultry slaughter in Hong Kong in December
1997, the proposed precursors, H9N2 and H6N1, that par-
ticipated in its genesis are still present in poultry (especially
quail) in the region (Guan et al., 2000 and unpublished
data). The H9N2 precursors of H5N1/97 are also found in
chickens further afield (Cameron et al., 2000).
The donor of the hemagglutinin, a Gs/Gd/96-like H5N1
virus, is also present in southeastern China (Cauthen et
al., 2000) and the possibility remains that a virus similar
to H5N1/97 could reemerge in this region (Shortridge et
al., 2001). Southern China has been regarded as a hypo-
thetical epicenter for the emergence of pandemic influ-
enza (Shortridge and Stuart-Harris, 1982), and it is clearly
necessary to monitor and understand the continued evo-
lution of these H5N1 viruses in this region. For example,
are the H5N1 influenza viruses now an established lin-
eage in geese? Is there evidence of interspecies trans-
mission to other aquatic poultry such as ducks? Is there
evidence of reassortment with other influenza viruses
from aquatic birds? These questions are relevant to
influenza pandemic preparedness and are the subject of
this report.
RESULTS
Virus isolationBetween January and December 2000, 340 consign-
ments of geese and 418 consignments of ducks imported
1).
public
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ket (WWFM) were tested serologically for HI antibody to
H5 subtype viruses. Virus isolation was attempted on
fecal, cloacal, and tracheal samples collected from them
(Table 1). Overall, 7% of goose consignments and 0.7% of
duck consignments were seropositive. Seropositive
goose consignments were found throughout the year, but
the first seropositive ducks were detected in November
(Table 1). Similarly, while H5N1 viruses were isolated
from consignments of geese throughout the year, they
were first isolated from ducks in August, with further
isolates obtained in September and December (Table 1).
Antigenic analysis
The H5N1 viruses isolated from geese and ducks
during the year 2000 were compared antigenically with
those isolated from geese in 1999 (represented by Gs/
HK/437.10/99) and from viruses isolated in 1997 from
humans (HK/483/97) and the live poultry markets (Dk/
HK/P46/97). A chicken polyclonal antiserum raised to the
representative H5N1 virus from 1999 (Gs/HK/437.10/99)
cross-reacted equally with all the viruses tested (Table
2). However, a panel of monoclonal antibodies (Mabs)
raised against the hemagglutinin of H5N2 viruses (Ck/
PA/1370/83 and Ck/PA/8125/83) separated the viruses of
year 2000 into two groups. The group represented by
T
Consignments of Imported Geese and
Month
No. of consignments H5N1
seropositivea/number tested
(% positive) No. of
viruses
(type ofGeese Ducks
January 0/31 (0%) 0/31 (0%) Nil
February 1/25 (4%) 0/25 (0%) 2 (goose)
March 4/29 (14%) 0/35 (0%) Nil
April 2/28 (7%) 0/42 (0%) Nil
May 4/27 (15%) 0/45 (0%) 4 (goose)
June 2/29 (7%) 0/36 (0%) Nil
July 1/29 (4%) 0/33 (0%) Nil
August 4/29 (14%) 0/39 (0%) 2 (duck)
September 1/24 (4%) 0/35 (0%) 3
(2 ducks)
(1 goose)
October 0/24 (0%) 0/34 (0%) Nil
November 3/29 (10%) 2/32 (6%) Nil
December 2/36 (6%) 1/32 (3%) 11
(10 Gees
a Hemagglutination inhibition test done using A/Ck/HK/197/97 (H5N
b Sequence data on these viruses have been reported in a previousGs/HK/485.3/00 differed from that represented by Dk/HK/
ww381/00 by being reactive with monoclonal antibodiesCP24, CP25, CP52, and CP62 and being relatively less
reactive with Mabs CP58, CP79, CP176/26, and CP406/7.
The Gs/HK/485.3/00-like virus group was mainly of
goose origin (with one exception), while the Dk/HK/
ww381/00-like viruses (with one exception) were isolated
from ducks.
Genetic analyses
To understand the interrelationships among the H5N1
influenza viruses, all eight gene segments of nine iso-
lates from 2000 were partially sequenced. Sequence
data of Gs//HK/485.3/00 and Gs/HK/485.5/00 viruses
have been reported separately (Webster et al., 2001) and
this data are included in the comparative analysis. The
viruses isolated from 2000 were compared with each
other and with H5N1 viruses isolated in Hong Kong in
1997 and 1999. We will deal with the genes encoding the
surface and internal proteins separately.
Surface genes. The H5 HA genes of the isolates from
year 2000 had closest homology to viruses isolated in
1999 (homologies ranged from 98.8 to 99.3%) and had
decreasing similarity to Gs/Gd/96 (98.1–98.6%) and to
viruses isolated during the bird-flu incident of 1997 (97.8–
98.3%) (data not shown).
Phylogenetic analysis of the H5 HA genes reveals that
the H5 HA genes separate into two major lineages, i.e.,
Tested in 2000 and Viruses Isolated
d
)
Isolates studied: Virus
designation and site
of isolation Virus abbreviation
Goose/HK/485.3/00b (cloaca) Gs/HK/485.3/00
Goose/HK/485.5/00b (cloaca) Gs/HK/485.5/00
Goose/HK/ww26/00 (feces) Gs/HK/ww26/00
Goose/HK/ww28/00 (feces) Gs/HK/ww28/00
Duck/HK/ww381/00 (feces) Dk/HK/ww381/00
Duck/HK/ww382/00 (feces) Dk/HK/ww382/00
Duck/HK/ww461/00 (feces) Dk/HK/ww461/00
Duck/HK/ww487/00 (feces) Dk/HK/ww487/00
Goose/HK/ww491/00 (feces) Gs/HK/ww491/00
Duck/HK/2986.1/00 (cloaca) Dk/HK/2986.1/00
ck) Goose/HK/3014.8/00 (cloaca) Gs/HK/3014.8/00
ation (Wester et al., 2001).ABLE 1
Ducks
H5N1
isolate
poultry
e; 1 duthe American and Eurasian (Fig. 1a). Topologically, Gs/
Gd/96 and its descendants of 1999 and 2000, though
18 GUAN ET AL.sharing a common precursor virus, belong to a separate
evolutionary lineage to the viruses isolated during the
bird-flu incident in 1997, which appear to have been
terminated by the slaughter of poultry in the Hong Kong
SAR during December 1997. In the year 2000, the evolu-
tion of the Gs/Gd/96-like H5N1 viruses appears to have
diverged, one group mainly isolated from geese and the
other mainly from ducks. The two clusters of viruses in
the phylogenetic tree correlate exactly with that demar-
cated by antigenic analysis (see above).
The alignment of the deduced amino acid sequences
of the H5 HA genes from Gs/Gd/96, the representative
H5N1/97 viruses, Gs/HK/437/99-like isolates, and the
isolates from 2000 show that they possess a series of
basic amino acids at the connecting peptide between
HA1 and HA2. Most of the recent viruses in both the
goose and the duck sublineages retain the same
RERRRKKR motif seen in Gs/Gd/96, the H5N1/97-like
viruses, and the goose viruses isolated in 1999 (Xu et
al.,1999; Cauthen et al., 2000). However, Gs/HK/485.3/00
and Gs/HK/485.5/00 have an Arg 3 Gly substitution at
residue 315 (26 from the HA1 cleavage site), while Dk/
HK/ww461/00, Dk/HK/ww487/00, and Gs/HK/ww491/00
viruses have an Arg 3 Gly substitution at residue 313
(28 from the HA1 cleavage site). Both substitutions re-
duced the number of basic amino acids at the connect-
ing peptide of hemagglutinin from 6 to 5.
The alignment analysis also revealed that two resi-
dues (138 Leu and 263 Thr) that were unique to isolates
from 1997 differed from that of the Gs/Gd/96 virus and
their descendants in 2000. The amino acid residue 138 in
T
Reactivity of Representative H5 Viruses Isolated from Geese an
Virus
Monoclonal ant
Ck/PA/1370/83
CP24 CP25 CP52 CP62 CP58
Gs/HK/485.3/00 1600 800 100 160 6400
Gs/HK/485.5/00 1600 800 100 160 6400
Gs/HK/ww26/00 1600 800 100 80 3200
Gs/HK/ww28/00 3200 1600 200 160 6400
Dk/HK/2986.1-2/00 3200 1600 200 160 6400
Gs/HK/3014.5/00 800 6400 400 320 6400
Dk/HK/ww381/00 ,a , , , 25,600
Dk/HK/ww382/00 , , , , 51,200
Dk/HK/ww461/00 , , , 40 51,200
Dk/HK/ww487/00 , , , , 51,200
Gs/HK/ww491/00 , , , , 25,600
Gs/HK/437.10/99 3200 3200 400 80 51,200
Dk/HK/P46/97 800 800 100 40 25,600
HK/483/97 800 800 , , 25,600
a Negative at dilution 1100 (CP24, CP25, CP52) or
1
40 (CP62, CP364).the HAs of Gs/Gd/96, Gs/HK/437/99, and in all isolates
from 2000 was His, with the exception of Dk/HK/2986.1/00 and Gs/HK/3014.5/00 viruses, which have Gln
at this position. Gs/Gd/96 and its descendants have Glu
at position 263, suggesting that goose and duck H5N1
isolates from southern China are derived directly from
Gs/Gd/96-like virus, rather than from HK156/97-like virus.
It was noteworthy that all isolates from 2000 have unique
substitutions at residues 213 (Glu3 Lys) and 218 (Pro3
Ser). There is only one substitution (Ala3 Glu at position
185) that distinguishes the recently diverged duck sub-
lineage from the viruses isolated from geese.
Alignment analysis also revealed that seven potential
glycosylation sites (10, 11, 23, 165, 286, 484, 543) are
conserved in isolates from 2000. The potential glycosyl-
ation site at residue 154 found in the HA of some
H5N1/97 viruses was not observed in any of the viruses
from year 2000.
Alignment of the amino acid sequences of the NA of
the H5N1 influenza viruses isolated from aquatic poultry
in 2000 revealed no insertions or deletions. In contrast,
the H5N1/97 viruses had a 19 amino acid deletion in the
stalk of the NA (Claas et al., 1998). Potential glycosylation
sites were all conserved at amino acid residues 50, 58,
63, 68, 88, 146, 235, and 460. An additional potential
glycosylation site was found in the NA of Dk/HK/
2986.1/00 and Gs/HK/3014.8/00 at position 386 due to a
substitution from Ser to Asn.
Internal genes. The six internal gene segments of the
H5N1 viruses isolated from aquatic poultry in Hong Kong
were also analyzed genetically. The isolates from 2000
share close homology (97.2–100% identity) with Gs/Gd/96
and Gs/HK/437/99 viruses in their NP and PB1 genes.
s in Hong Kong in 2000 in the Hemagglutination Inhibition Test
to H5 viruses
Polyclonal chicken
antiserum to
Gs/HK/437.10/99
Ck/PA/8125/83
P79 CP 176/26 CP 406/7 CP364
400 800 200 , 160
200 400 200 , 160
400 800 200 , 160
800 1600 400 , 160
800 800 200 , 80
800 400 100 , 40
5,600 51,200 12,800 40 160
5,600 51,200 12,800 40 160
5,600 51,200 25,600 40 160
1,200 51,200 12,800 40 160
6400 6400 3200 , 160
2,400 102,400 25,600 640 320
5,600 25,600 3200 160 80
5,600 25,600 400 640 80ABLE 2
d Duck
ibodies
C
2
2
2
5
10
2
2With two exceptions, the NS, PA, M, and PB2 genes of
these recent H5N1 viruses also have high cross-homol-
ong; G
2000; Z
19GENETIC REASSORTMENT OF H5N1 VIRUSESogies (most of them greater than 98% identity) to Gs/
Gd/96 and to each other. However, the NS, PA, M, and
PB2 genes of Dk/HK/2986.1/00 and Gs/HK/3014.8/00
showed relatively lower homology (93.4–97.3% identity)
with other H5N1 viruses (data not shown), suggesting
that these gene segments may have different origins, i.e.,
they are derived through reassortment.
Phylogenetic analysis of the NS gene segment
showed that most of the H5N1 influenza viruses isolated
from aquatic poultry in Hong Kong in 2000 were clus-
tered in the Gs/Gd/96 lineage and located in the B allele,
while those of Dk/HK/2986.1/00 and Gs/HK/3014.8/00
were located in the A allele and are joined to the con-
temporary duck virus lineage (Fig. 1b). This suggested
FIG. 1. Phylogenetic analyses of the HA1 gene (A) and NS gene (B)
by using a maximum parsimony algorithm. In the HA1 tree, nucleotides
A/Japan/305/57 (H2N2). In the NS gene tree, nucleotides of 25 throug
(H7N7). The lengths of the horizontal lines are proportional to the mini
are for spacing branches and labels. Viruses sequenced in this study
Ck, chicken; Qa, quail; Ty, turkey; Sw, swine; Eq, equine; HK, Hong K
abbreviations can be found in Table 1 or from references Guan et al.,that a reassortment event between a Gs/Gd/96-like virus
and a contemporary duck virus(es) has occurred.Similar phylogenetic topologies were observed with
the PA, PB2, and M gene trees (Fig. 2). Most of the H5N1
viruses isolated in 2000 derive directly from those iso-
lated in 1999 and formed a separate clad or sublineage,
but Dk/HK/2986.1/00 and Gs/HK/3014.8/00 viruses did
not cluster with the Gs/Gd/96 sublineage. Though their
PA, PB2, and M genes are related to those of Gs/Gd/96-
like viruses, phylogenetically they cluster more closely
with other avian influenza viruses from the Eurasian
lineage and retain an out-group relationship with Gs/Gd/
96-like viruses (Figs. 2a, 2b, and 2c). This suggests that
these genes have been acquired by the reassortment
of Gs/Gd/96-like viruses with another avian influenza
virus.
1 influenza viruses. The trees were generated with PAUP (version 4.0)
ough 1037 (961 bp) of HA gene were analyzed. The tree was rooted to
(827 bp) were analyzed and the tree is rooted to Equine/Prague/1/56
umber of nucleotides differences required to join nodes. Vertical lines
erlined. Abbreviations used in virus designation: Dk, duck; Gs, goose;
d, Guangdong; Kor, Korea; Ger, Germany; IT, Italy. Virus names and
hou et al., 1999.of H5N
77 thr
h 851
mum n
are undPhylogenetic analyses for the NA, NP, and PB1 genes
showed that these gene segments of all the H5N1 influ-
d in Ta
20 GUAN ET AL.enza viruses isolated in 2000 cluster within the Gs/Gd/96
lineage (data not shown).
DISCUSSION
Ducks are the natural hosts of influenza viruses and
the domestic duck reservoir maintains the diverse influ-
enza gene pool in southern China (Shortridge, 1992).
Surveillance of ducks, geese, and chickens carried out in
this region between 1975 and the early 1980s (Short-
ridge, 1992) indicated that H5-subtype viruses (H5N3 and
to a lesser extent H5N2) were present in ducks and there
was a lone H5N3 virus in a goose. However, H5N1
influenza viruses were not detected at that period of time.
The fact that the first outbreak of Gs/Gd/96 virus in 1996
was associated with high (40%) mortality in geese (Xu et
al., 1999) raises the possibility that this virus was newly
introduced to geese around this time.
During 1997, isolation of H5N1 viruses from chickens
FIG. 2. Phylogenetic trees for the PA (A), PB2 (B), and M (C) genes
the PA gene (1003 bp), 1153 to 2228 of the PB2 gene (1076 bp), and 75 to
viruses sequenced in this study are underlined. Both PB2 and M gene
rooted to B/Singapore/222/79. Virus names and abbreviations are foun(19%) far surpassed that from ducks (2.4%) and geese
(2.5%) (Shortridge, 1999). Phylogenetically, these isolatesfrom chickens, ducks, and geese comprised a common
lineage (Zhou et al., 1999) and the available epidemio-
logic evidence was more compatible with the virus
spreading in the retail markets from chicken to aquatic
poultry rather than the reverse. In fact, a representative
duck isolate (Duck/HK/283/97) obtained from fecal drop-
pings swabbed from below a duck cage failed to repli-
cate in ducks following intranasal and oral inoculation of
Pekin ducks (Zhou et al., 1999). This raises the possibility
that some or all of these duck isolates were essentially
chicken viruses contaminating the immediate environ-
ment. In any event, the H5N1/97 evolutionary lineage
was interrupted with the slaughter of poultry and repre-
sentatives of this lineage have not been found since.
During the year 2000, H5N1 subtype viruses were the
second most common (after the H6 subtype) influenza
virus isolated from geese and ducks at the WWFM in
Hong Kong (unpublished data). Serological and virolog-
1 influenza viruses. Evolutionary analyses of nucleotide 20 to 1022 of
f the M gene (835 bp) were performed as described in Fig. 1. The H5N1
ere rooted to A/Equine/Prague/1/56 (H7N7), but the PA gene tree was
ble 1 and Fig. 1.of H5N
909 o
trees wical screening of consignments of imported aquatic poul-
try during the year 2000 indicated that H5N1 viruses
21GENETIC REASSORTMENT OF H5N1 VIRUSESbelonging to the Gs/Gd/96 lineage were endemic in
geese in this region. Surveillance in 1999 also indicated
a similar pattern of H5N1 infection in geese without
evidence of infection in ducks (T. M. Ellis and K. Dyrting,
unpublished data). The first evidence of H5N1 viruses
from ducks was obtained by virus isolation in August and
by serology in November 2000 (Table 1). The genetic
evidence correlates with this epidemiologic information,
and in 2000 the Gs/Gd/96 lineage appears to have di-
verged along two evolutionary paths, one associated
with geese and the other appears to be a recent intro-
duction into ducks. These two groups are also distin-
guishable by antigenic (Table 2) analysis. The epitope(s)
defined by monoclonal antibodies CP24, CP25, CP52 and
CP62 was conserved in goose H5N1 viruses isolated in
1999 and 2000 but appear to have changed following the
introduction of H5N1 viruses into ducks. In fact, the
epitope(s) defined by Mabs CP24 and CP25 was previ-
ously reported to be conserved in H5N1/97 isolates from
diverse sources as well as isolates obtained in Hong
Kong as far back as 1979 (A/duck/Hong Kong/698/79)
(Shortridge et al., 1998). The only amino acid substitution
common to the duck group of virus isolates is Ala3 Glu
at position 185 and this may be related to the change in
the epitope defined by Mabs CP24, CP25, CP52, and
CP62.
During the period of study, geese imported into Hong
Kong originated in five farms in the Guangdong Province
adjacent to Hong Kong, while the ducks originated from
two farms in this province. Most of these farms (including
the duck farms) are relatively close to one another and it
has to be recognized that H5N1 viruses isolated from
them represent a relatively closed ecosystem rather than
reflecting the gene pool in the wider region. The intro-
duction of Gs/Gd/96-like H5N1 influenza virus into do-
mestic ducks in 2000 will be expected to increase the
opportunity to generate influenza virus reassortants with
other influenza viruses present in the aquatic avian in-
fluenza gene pool. Our subsequent findings indicate that
such a reassortment event has in fact occurred. Two
viruses isolated from a cloacal swab of a duck and a
goose collected on different sampling occasions during
December 2000 contained NS, PA, PB2, and M genes
that are distinct from those found in Gs/Gd/96 viruses
and are derived from other unknown contemporary duck
or avian viruses (Figs. 1b, 2a, and 2b). The HAs of both
these viruses genetically belong to the recent goose
sublineage.
Thus, there are three different internal gene composi-
tions of H5N1 influenza viruses circulating in aquatic
poultry in the farms exporting poultry to Hong Kong in
2000. One is the direct descendant of Gs/Gd/96 viruses
circulating in the goose population; the second is the
virus isolated from domestic ducks, and the third is the
reassortant with PB2, PA, M, and NS genes acquired
from other aquatic avian influenza viruses. It is unclear atthis point which subgroup of the H5N1 influenza viruses
in aquatic poultry will dominate in southeastern China
and whether they will be able to undergo subsequent
reassortment.
It has been suggested that the number of basic amino
acids at the connecting peptide may change the cleav-
ability of the HA, and consequently, the virulence of the
virus to chicken (Horimoto and Kawaoka, 1997; Senne et
al., 1996). The Go/Gd/96 virus had the motif RERRRKKR at
the connecting peptide compatible with that of a highly
pathogenic avian influenza virus (Xu et al., 1999) and this
virus was associated with outbreaks of disease in geese
in Guangdong in 1996. Many of the recent H5N1 viruses
retain this motif, but changes are noted in a few isolates
resulting in reduction of the number of basic amino acids
in the connecting peptide to 5. Experimental infection
with Gs/HK/485.3/00 and Gs/HK/485.5/00, examples of
viruses with five basic amino acids in the connecting
peptide, have already shown that both have increased
virulence for chickens when compared with previous
H5N1 Gs/Gd/96-like viruses from this region bearing the
connecting peptide RERRRKKR motif (Webster et al.,
2001). It is possible that there is an optimal number and
configuration of basic amino acids in the connecting
peptide region for maximal virulence (Horimoto and
Kawaoka, 1997).
If H5N1 viruses infect land-based poultry such as
quail, there is opportunity for them to reassort with H9N2
and H6N1 viruses, leading to the reemergence of H5N1/
97-like viruses pathogenic to humans (Shortridge et al.,
2001). The reassortment of Gs/Gd/96-like viruses with
other aquatic influenza viruses has provided the possi-
bility of further interspecies transmission and in fact,
during the preparation of this manuscript, this prediction
has come true. The H5N1 viruses, which were kept out of
the Hong Kong live poultry retail marketing system for
the last 3 years by screening and central slaughtering of
ducks and geese, caused an outbreak of highly patho-
genic avian influenza virus disease in chickens in the
retail poultry markets in Hong Kong. This led to another
depopulation of poultry in the “wet markets” in Hong
Kong. A detailed investigation of the epidemiology and
genetics of the outbreak is currently in progress.
MATERIALS AND METHODS
Sampling, virus isolation, and serology
All geese and ducks consumed in Hong Kong are
imported from Mainland China. Since the bird-flu inci-
dent in Hong Kong in 1997, aquatic poultry (geese and
ducks) are imported to the Western Wholesale Food
Market in Hong Kong where they are centrally slaugh-
tered. Live aquatic poultry do not enter the retail markets
where live, land-based poultry (chickens, pigeons, and
game birds) are sold. In the year 2000, geese imported
for slaughter were raised on five farms in the adjoining
22 GUAN ET AL.Guangdong Province, whereas all the imported ducks
originated from two farms in the province. The majority of
these farms are located within a 60–70 km zone.
The Food and Environmental Hygiene Department ran-
domly collected 13 serum samples from each consign-
ment of geese and ducks arriving at the WWFM. Cloacal
swabs were also collected from these poultry and
pooled in groups of 4 for virus culture. The sera were
tested for antibody to H5 subtype influenza viruses by the
hemagglutination inhibition (HI) test. The swabs were
cultured for influenza viruses by inoculating 9- to 10-day-
old embryonated eggs (Anonymous, 1992). If serological
evidence of antibody to H5 viruses was found, further
swabs were collected from 40 additional birds (including
any sick birds) and processed for virus isolation in pools
of 4. Swabs from the cage were sometimes also col-
lected. The routine testing of the sera and swabs was
carried out at the Department of Agriculture, Fisheries,
and Conservation. In addition, the team at The University
of Hong Kong collected swabs of fecal droppings and
cloacal and tracheal swabs from geese and ducks at the
WWFM and these were individually cultured using es-
sentially similar methods (Guan et al., 2000).
Viruses and antigenic analysis
Seventeen goose and five duck viruses were isolated
from fecal droppings or cloacal swabs during 2000. Of
these, six representative goose and five duck viruses
were investigated further and their source, specimen
from which they were isolated, and date of isolation are
listed in Table 1. Hemagglutination-positive culture fluids
were identified as H5N1 influenza viruses by HI and
neuraminidase inhibition (NI) tests using a panel of
monospecific antisera for all known HA and NA sub-
types, as described previously (Shortridge et al., 1977).
The antigenic interrelationships between these goose
and duck isolates and other H5N1 viruses previously
isolated in this region were investigated using a panel of
monoclonal antibodies and polyclonal antibodies to H5
subtype viruses. The monoclonal antibodies CP24, CP25,
CP52, CP58, CP62, and CP79 were raised to the hemag-
glutinin of A/Chicken/Pennsylvania/1370/83 (H5N2) and
CP176/26, CP406/7, and CP364 to the hemagglutinin of
A/Ck/PA/8125/83 (H5N2). Polyclonal antiserum to Goose/
Hong Kong/437.10/99 (H5N1) was raised in chickens.
Serological analysis
The surveillance sera collected from imported geese
and ducks were tested for antibody to A/Ck/HK/197/97
(H5N1) virus by the hemagglutination inhibition test.
Gene sequencing and genetic analysis
Viral RNAs were extracted from virus-infected allantoic
fluids using the RNeasy Mini Kit (Qiagen Inc., Valencia,
CA). Viral gene sequencing and analysis were carriedout as described previously (Guan et al., 2000). In brief,
reverse transcription followed by PCR was performed
using specific primers for each gene segment (primer
sequences are available on request). PCR products were
purified with Qiaquick PCR purification kit (Qiagen) and
sequenced using the Big Dye Terminator Cycle Sequenc-
ing Ready Reaction kits used with AmpliTaq DNA poly-
merase FS (Perkin–Elmer/Applied Biosystems, Inc., Fos-
ter City, CA). Samples were electrophoresed and ana-
lyzed on a Perkin–Elmer model 377 XL DNA sequencer.
Sequence data were assembled and edited using the
Wisconsin Package, version 10.0 (Genetics Computer
Group, Madison, WI). Alignment and homology analyses
were performed with GeneDoc, version 2.3 (developed
by K. B. Nicholas), to quantitate the nucleotide and amino
acid substitutions. The nucleotide sequences obtained
from this study are available from GenBank under acces-
sion numbers AY059474 to AY059533.
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